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SabiáMimosa caesalpiniifoliapopularly known as “sabiá” or “sansão-do-campo” is a BrazilianNortheast native perennial
tree used for several purposes and in traditionalmedicine. The aim of the presentworkwas to determine some of
the constituents and evaluate the cytotoxic activity of the ethanolic extract ofM. caesalpiniifolia leaves (EEM) to
MCF-7 cells, a human breast adenocarcinoma cell-line. EEM presented 651.90 ± 6.30 mg/g total phenols and
170.11 ± 1.20 mg/g ﬂavonoids, namely catechin. EEM and cyclophosphamide (cytotoxic agent) treatment for
24 and 48 h decreased the MCF-7 cells protein content, as compared to control cells. Morphological analysis,
after hematoxylin–eosin staining of cells, showed changes such as cell rounding-up, shrinkage, nuclear condensa-
tion and signiﬁcantly (p b 0.01) reduction of cell and colony diameters, that indicates the EEM cytotoxic effect to
MCF-7 cells. EEM treatment also induced cell death, with amaximum effect at 320.0 μg/mL, and its mechanism of
action seems to include the induction of apoptosis, as DNA fragmentation in a ladder-pattern was obtained from
the genomic DNA analysis. Our data support a positive role of the EEM as a chemopreventive agent and a good
candidate for an antineoplastic drug development.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Mimosa is one of the largest genera of Mimosoid legumes, native
from South America and comprises about 500 species. Themajor center
of diversiﬁcation for Mimosa is Central Brazil, where many species are
found in Caatinga and Cerrado vegetation (Simon and Proença, 2000).
Mimosa caesalpiniifolia Benth (Fabaceae: Mimosoideae), popularly
known as “sabiá” or “sansão-do-campo” is a rugged, fast-growing
Brazilian Northeast native perennial tree. It is an ornamental plant and
its wood is used as fence posts, ﬁrewood and coal. Plant leaves are
used to feed cattle, especially during the dry season and this plant is
broadly used as hedge and to recover degraded areas (Alves et al.,
2004; Cortines and Valcarcel, 2009; Lorenzi, 2000; Vieira et al., 2005).
In folk medicine it is used to treat cough and gastritis (Aguiar and
Barros, 2012) and the ethanolic extract of M. caesalpiniifolia leaves
exhibited antimicrobial and antioxidant activities (Silva et al., 2012).
Cancer is a major burden of disease worldwide, being mammary
tumor the most common cancer type amongst women and the second
leading cause of death in females between 20 and 59 years both in55 35 32991067.
ouvêa).
ghts reserved.developed and underdeveloped countries (Jemal et al., 2010). Despite
the advances in the early detection and treatment, almost 70% of the
breast cancer diagnosedwomen developmetastasis and die and around
10% already have metastases when the disease is diagnosed. Survival
among the breast cancer patients have increased due to early diagnostic,
the introduction of novel single agent, combination of chemotherapeutic
agents and targeted biologic agents,which is breast cancer speciﬁc. How-
ever the rates of cure need improvement (Mohan and Ponnusankar,
2013).
Breast cancer is amultifactorial disease that leads to diversemolecular
tumor subtypes. Early accurate diagnosis, tumormolecular subtyping and
staging of tumor-node-metastasis are important for optimizing the treat-
ment and potential for cure. However, once breast cancer has turned
metastatic, the disease is nowadays incurable (Debald et al., 2013;
Mohan and Ponnusankar, 2013), whereby the search for new drug
options with maximum clinical efﬁcacy and minimum toxicity level to
treat and control this disease is needed.
Our preliminary study on the cytotoxicity of the ethanolic extract of
M. caesalpiniifolia leaves (EEM) against a panel of cancer cells indicated
that the EEMwas cytotoxic to MCF-7 cells. Based on that, the aim of the
presentworkwas to determine some of the constituents of the EEM and
evaluate its cytotoxicity to MCF-7 cells that express the estrogen recep-
tor α (ER+), a model for the human in situ breast carcinoma.
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2.1. Plant material
Leaves ofM. caesalpiniifoliaBenth, Fabaceaewere collected in Alfenas
(Minas Gerais, Brazil) in February, 2010. The plant was authenticated by
Dr. Marcelo Polo and Dr. Geraldo Alves da Silva, and voucher specimens
(N. 695) were deposited at the Herbarium of the Universidade Federal
de Alfenas, Brazil.
2.2. Extract preparation
Leaves were completely dried at 40–45 °C and pulverized in a knife
grinder to ﬁne powder (250 μm- particle diameter; Farmacopéia,
2010). The ethanolic extract (EEM) was prepared using 70% ethanol
by the percolation method (Prista et al., 2008; Farmacopéia, 2010).
The powdered leaves of M. caesalpiniifolia (10.0 g) were percolated
with 70% (v/v) ethanol at a rate of 1–3 mL/min until the extraction
was exhausted. The extracts were combined, ﬁltered and evaporated
to dryness using a rotator evaporator under controlled temperature
and reduced pressure. The obtained EEM was lyophilized, stored in a
desiccator and for use it was dissolved in deionized water.
2.3. Determination of total phenolics and ﬂavonoids
The total phenolic compounds, present in EEM, were determined
using Folin–Ciocalteau's method (Rai et al., 2006). Gallic acid was used
as standard and results were expressed as gallic acid equivalents/g
EEM (mg/g). Totalﬂavonoidswere estimated by the aluminumchelating
method (Quettier-Deleu et al., 2000), using quercetin as standard and
the content was calculated as quercetin equivalents/g EEM (mg/g).
2.4. HPLC-DAD
Before HPLC analysis, EEM was cleaned up using C18 SPE cartridge
(Supelco®). Brieﬂy, the SPE cartridge was conditioned with 4 mL of
methanol and followed by 5 mL of deionized water. Subsequently,
15 mg EEM was dissolved in 1 mL 10% (v/v) methanol and applied
into the conditioned C18 cartridge. The extract was eluted with 2 mL
of 10% (v/v) methanol twice and adjusted the ﬁnal volume to 5 mL
and ﬁltered through 0.45 μm nylon membrane.
HPLC analysis was performed on a HPLC-DAD (Jasco®), consisting of
a quaternary pump solventmanagement system, an online degasser, an
autosampler and DAD detector. HPLC separation of EEM was achieved
using a Phenomenex® Synergi Hydro RP-18 column (250 × 4.6 mm
i.d.; 4 μm). The mobile phase was prepared by mixing water, methanol
and phosphoric acid at a ratio of 48:50:2 (v/v/v). The ﬂow rate of the
mobile phase was 1.0 mL/min, and the column temperature was main-
tained at 35 °C. DAD detection wavelength was set at 360 nm.
2.5. HPLC-DAD-ESI-IT-MSn analyses
EEM was analyzed separately by in-line HPLC-DAD-ESI-IT-MSn.
Brieﬂy, EEM diluted in a 0.1% v/v formic acid in an acetonitrile–water
solution (5:95 v/v) at a concentration of 100 μg/mLwas passed through
a 0.2 μm syringe ﬁlter and injected into an LTQ XL Linear 2D mass
spectrometer (Thermo Analitica), by a ﬂow injection system. HPLC
separation was conducted on a Phenomenex SynergiHydro RP-18
(250 4.6 mm i.d.; 4 μm) using a gradient mobile phase with a ﬂow
rate of 1.0 mL/min of water (A) and methanol (B) plus 0.05%
triﬂuoroacetic acid. Initial conditions were 5% (B) increasing to reach
100% (B), hold at 100% (B) at 80 min and at 100% (B) plus 0.05%
triﬂuoroacetic acid for 10 min. The column efﬂuent was split into two,
by means of an in-line T junction, which sent it both to ESI-MSn and
UV-DAD; 80% was sent to the UV-DAD detector and 20% was analyzed
by ESI-MSn in negative ion mode with a Fleet LCQ Plus ion-trapinstrument from Thermo Scientiﬁc. The capillary voltage was set at 41
V, the spray voltage at 5 kV, and sheath gas (nitrogen) ﬂow rate at 60
(arbitrary units). Data were acquired in MS1 and MSn scanning modes.
The capillary temperature was 280 °C. Xcalibur 2.2 software (Thermo
Scientiﬁc) was used for data acquisition and analysis.
2.6. Cell line and culture
Humanbreast cancerMCF-7 cell line (ER+)was purchased fromRio
de Janeiro Cell Bank (BCRJ 0162) and cultured in RPMI 1640 medium,
supplemented with 20% (v/v) inactivated fetal bovine serum, 100
U/mL penicillin and 100 μg/mL streptomycin. Cells were maintained
in a humidiﬁed atmosphere with 5% CO2 at 37 °C. The medium was
replaced every 2 days and cells were sub-cultured every 5 days, after
0.25% trypsin–EDTA solution treatment. Cell viability was assessed,
before beginning each experiment, by the Trypan blue-dye exclusion
method and 2 × 104 viable cells/mL were cultivated for 24 h to reach
exponential growth after which cells were treated with different
concentrations of EEM or cyclophosphamide (CP).
2.7. Sulforhodamine B (SRB) assay
The effect of different concentrations of EEM on cell protein content
was determined by the sulforhodamine B (SRB) colorimetric assay
(Carvalho et al., 2012). Brieﬂy, cells were seeded onto 96-well plates
and treated with different concentrations of EEM (5.0, 20.0, 80.0,
160.0, and 320.0 μg/mL) for 24 and 48 h. At the end of the incubation
time, the medium was removed and a solution of trichloroacetic acid
(10% w/v) was added to each well following incubation for 30 min at
4 °C. Cells were washed, dried and stained with 0.4% SRB. Excess SRB
was removed, and the wells washed 4 times with 1% acetic acid (v/v).
The bound SRB was dissolved by adding 100 μL of 10 μM Tris, pH 10.5
for 10 min, and absorbance read at 510 nm on a microplate reader
(Asys UVM340). Treated-cells with culture medium were the negative
control, and with 550 μg/mL CP, the positive. Results are mean of
three independent experiments, with standard errors lower than 5%.
2.8. Cell morphological analysis
Cells cultured on a sterilemicroscope cover glass in Petri disheswere
treated with various concentrations of EEM (5.0, 20.0, 80.0, 160.0,
320.0 μg/mL) for 24 and 48 h. After treatment, cells were washed with
0.1 M PBS, pH 7.4, ﬁxed with 70% (v/v) acetone for 15 min, dehydrated
with ethanol series and hematoxylin–eosin staining was performed.
Slides were mounted in Entellan, and observed by light microscopy.
Cell digital images were acquired using an Olympus BX52 microscope
and Motic Images Plus 2.0 software. Fifteen random ﬁelds were
analyzed per treatment, to describe cell morphology. Treated-cells
with culture medium were the negative control, and with 550 μg/mL
CP, the positive. Cell and colony diameters were determined by measur-
ing 150 cells and 20 colonies per treatment (Campanella et al., 2012).
2.9. Cell death assay
Cell death was estimated using the Fast green-dye exclusion meth-
od, according to Weisenthal et al. (1983), with modiﬁcations. Cells
were treated with different concentrations of EEM (5.0, 20.0, 80.0,
120.0 and 320.0 μg/mL) for 24 h, whereupon cells were stained with
2% Fast green, followed by hematoxylin–eosin, and slidesweremounted
in Entellan. With this procedure, viable cells (i.e., cells excluding Fast
green) were stained reddish-pink, while dead cells (cells unable to
exclude Fast green) were stained green. To achieve the percentage of
dead cells, a total of 600 cells/treatmentwas analyzed using an Olympus
BX52microscope andMotic Images Plus 2.0 software. Treated-cells with
culture medium were the negative control, and with 550 μg/mL CP, the
positive.
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MCF-7 cell genomic DNA was isolated using the SDS/proteinase
K/RNase A extraction method (De Siervi et al., 2002). Samples were
electrophoresed in 0.8% (w/v) agarose gel and DNA was visualized
by ethidium bromide staining. The presence of apoptosis was indicated
by the appearance of a ladder of oligonucleosomal DNA fragments on
the agarose gel.
2.11. Statistical analysis
Obtained data were compared by one-way analysis of variance
(ANOVA) followed by the Tukey test, when p b 0.05. Data are shown
as the mean ± SEM of three independent experiments.
3. Results and discussion
3.1. EEM constituents
EEM presented 651.90 ± 6.30 mg/g total phenols and 170.11 ±
1.20 mg/g ﬂavonoids, a higher content of phenols and ﬂavonoids than
our previous report (Carvalho et al., 2012).
The preliminary phytochemical screening of EEM showed the
presence of ﬂavonoids, terpens, gallic acid and catechins (Silva et al.,
2012) and in the present work, the analysis of EEM by HPLC-UV-DADFig. 1. HPLC-DAD-ESI-MS analysis of the ethanolic extract ofMimosa caesalpiniifolia leaves. (A)
additional peaks were detected when the UV trace was recorded at wavelengths down to 36
catechin, 2,3 dihydroquercetagetin, and procyanidin B2 [(epi)catechin–(epi)catechin)] (see strand HPLC-DAD-ESI-IT-MSn conﬁrmed the presence of ﬂavonoids, and
the resulting chromatogram, showing eleven peaks (1–11). The results
revealed the presence in EEM of secondary metabolites such as
ﬂavonoids and three of them had the structure determined (Fig. 1). The
peaks were detected in the extracted ion chromatogram and were
assigned as catechin (m/z 288.97), 2,3 dihydroquercetagetin (m/z
318.00), and procyanidin B2 [(epi)catechin–(epi)catechin;m/z 576.77)].
The present work conﬁrmed the presence of ﬂavonoids in the EEM, as
reported in our previouswork (Silva et al., 2012) and our data are accord-
ing to published works on different species of the genus Mimosa that
described the presence of ﬂavonoids which are responsible for different
biological activity, including cytotoxic activity to human cancer cell lines
(Camargo et al., 2012; Lin et al., 2011; Rajendran and Krishnakumar,
2010; Rakotomalala et al., 2013). Numerous in vivo and in vitro studies
point to the possibility of using catechins in chemoprevention of cancer.
Although its role in breast cancer development in humans is still unclear
(WuandButler, 2011), there is somepositive evidence for catechin intake
and the risk and recurrence reduction of breast and other types of cancers
(Crew et al., 2012; Johnson et al., 2012; Yu et al., 2013; Yuan et al., 2011)
and high consumption of green teawas closely associatedwith decreased
numbers of axillary lymph nodemetastases among premenopausal stage
I and II breast cancer patients (Fujiki et al., 1999). A recent study showed a
positive effect of epigallocatechin gallate on breast cancer patients under
radiotherapy (Zhang et al., 2012). There is no report on the biological
activity of the 2,3 dihydroquercetagetin, but quercetagetin attenuatedUV 360 nm; (B) ESI-MS, base peak chromatogram, negative ion mode,m/z 100–1500. No
0 nm. Peaks assigned asm/z: 288.97, 318.00, and 576.77 were identiﬁed, respectively, as
uctures).
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promoter activities, and also reduced cell transformationwhich attenu-
ated tumor incidence and reduced tumor volumes in a two-stage skin
carcinogenesis mouse model (Baek et al., 2013). It also has potent
anti-cancer activity through inducing apoptosis in SW480 human
colon cancer cells (Murthy et al., 2012). Our previouswork demonstrated
the cytotoxic effect of the procyanidin B2 to MCF-7 cells (Avelar and
Gouvêa, 2012).
3.2. EEM cytotoxic activity
We evaluated the cytotoxicity of EEM using the SRB assay (Fig. 2). In
this assay the absorbancemeasured is directly correlated to the amount
of SRB bound to cell proteins, so that the absorbance decreasing
observed with EEM treatment could be due to cell number decreasing
or the extract interference with the protein turnover, resulting in cell
viability decreasing. The results depicted in Fig. 2 show that the extract
reduced cell protein content in a concentration-dependentmanner. Cell
treatmentwith 5.0 μg/mL EEM for 24 h reduced protein content by 50%,
treatment for 48 h, reduced by80% and themaximumeffectwas obtain-
ed with 320.0 μg/mL EEM, which demonstrates EEM cytotoxic effect to
MCF-7 cells. No further signiﬁcant (p N 0.05) hindrance was achieved
by increasing EEM concentration or incubation time. Lin et al. (2011)
isolated four new 5-deoxyﬂavones and several other known ﬂavonoids
from Mimosa diplotricha, and using the SRB assay found a cytotoxic
activity of two isolated ﬂavonoids to A549, AGS, HT-29, and PC3
human cancer cell lines.
EEM treatment induced cell morphology alterations. Therefore, it is
possible to sustain the positive cytotoxic role of EEM to MCF-7 cells.
Untreated control cells present an irregular morphology and grow as
colonies. Hematoxylin–eosin stains homogeneously the cytoplasm
which is less stained than the nucleus and the nucleolus is plainly
visible. By contrast, when exposed to EEM cells shrank, became rounded,
individually separated, with wrinkled cytoplasmic membrane and chro-
matin condensation, indicating cytoskeleton disruption. CP treatment
also induced alterations in cell morphology (Fig. 3).
The analysis of cell and colony diameters further conﬁrmed the cell
shrinkage as they signiﬁcantly (p b 0.01) decreased in comparison to
control cells, and EEM was more effective than CP, even at lower
concentrations (Figs. 4 and 5).
A cytotoxic compound induces loss of cell viability either by
decreasing cell survival or triggering cell-death (Sumantran, 2011),
so we next investigated the EEM effect on cell death. EEM and CPFig. 2. MCF-7 cell protein content decreasing (%), estimated by the sulforhodamine B
assay, after treatment with cyclophosphamide (CP, 550 μg/mL) and different concentra-
tions of the ethanolic extract of Mimosa caesalpiniifolia leaves (EEM 5.0 - 320.0 μg/mL)
for 24 and 48 h. The results are expressed as mean ± SEM of three independent experi-
ments. Different letters indicate signiﬁcant differences (p b 0.001) by the Tukey test.
Protein content was calculated relative to the negative control and 320.0 μg/mL EEM
produced the maximum effect.
Fig. 3.Morphology ofMCF-7 cells stainedwith hematoxylin–eosin, after 24 and 48 h incu-
bation. NC, negative control cells; CP, cells treated with 550 μg/mL cyclophosphamide; 5,
80 and 320, cells treated, respectively, with 5.0, 80.0 and 320.0 μg/mL ethanolic extract
of Mimosa caenalpiniifolia leaves. All the pictures are typical of three independent
experiments, each carried out under identical conditions. Bar = 5 μm. Arrow—nucleolus;
R—rounding; CC—chromatin condensation.treatment induced signiﬁcantly (p b 0.01) cell death, in a
concentration-dependent manner with maximum effect at 320.0 μg/mL
EEM (Fig. 6). No further hindrance was observed with higher concentra-
tions of the extract.
A cytotoxic compoundmay cause cell death and theDNA fragmenta-
tion analysis may distinguish between apoptosis and necrosis.
Internucleosomal fragmentation of genomic DNA has been the bio-
chemical hallmark of apoptosis for many years and it can be detected
as a ladder pattern in the electrophoresis of isolated DNA (Saraste and
Pulkki, 2000). In the present work we observed that both CP and EEM
Fig. 4.MCF-7 cell diameter (μm) after treatment with cyclophosphamide (CP, 550 μg/mL)
and different concentrations (5.0–320.0 μg/mL) of the ethanolic extract of Mimosa
caesalpiniifolia leaves (EEM) for 24 or 48 h, compared to the negative control cells (NC).
Results are expressed asmean± SEM of three independent experiments. Different letters
indicate signiﬁcant differences (p b 0.01) by the Tukey test. Note cell-diameter reduction
after treatment, in comparison to the negative control cells, thereby indicating EEM
cytotoxicity.
Fig. 6.MCF-7 cell death (%) after treatment with cyclophosphamide (CP, 550 μg/mL) and
different concentrations (5.0–320.0 μg/mL) of the ethanolic extract of Mimosa
caesalpiniifolia leaves (EEM) for 24h, compared to the negative control cells (NC), estimat-
ed by the Fast green color dye exclusion. Results are expressed as mean ± SEM of three
independent experiments. Different letters indicate signiﬁcant differences (p b 0.01) by
the Tukey test. Inset: appearance of cells after fast green-hematoxylin–eosin staining; 1,
living cell; 2, green dead cell. EEM treatment kills MCF-7 cells in a concentration-
dependent manner.
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pattern was obtained (Fig. 7).
The results of the present work indicate that EEM is cytotoxic to
MCF-7 cell line and this activitymay be attributed to the extract constit-
uents. The EEM mechanism of action includes MCF-7 cell protein con-
tent decreasing and cell death induction. Shrinkage of the cell and the
nucleus as well as condensation of nuclear chromatin, staining with
fast green and DNA fragmentation are morphological and biochemical
features of a dying cell (Elmore, 2007; Saraste and Pulkki, 2000).
Apoptosis and other formsof cell death are a fundamental ingredient
of life that leads to the development and homeostasis of normal tissues
and glands. However, if molecular signals for apoptosis induction fail, a
variety of malignant disorders may occur. Normal breast development
and differentiation is controlled by a balance between cell proliferation
and death, and when apoptosis is down regulated by carcinogens,
breast cancer can be formed. The uncontrolled cell proliferation and re-
duced cell death by apoptosis will result in cancer growth and spread. It
is useful to detect apoptosis in breast cancer to determine themalignan-
cy grade of the tumor and also after treatmentwith anticancer agents to
verify the effect of the agent (Sarkar and Li, 2006). Thus EEM could beFig. 5. MCF-7 cell colony diameter (μm) after treatment with cyclophosphamide
(CP, 550 μg/mL) and different concentrations (5.0–320.0 μg/mL) of the ethanolic
extract of Mimosa caesalpiniifolia leaves (EEM) for 24 or 48 h, compared to the
negative control cells (NC). Results are expressed as mean ± SEM of three independent
experiments. Different letters indicate signiﬁcant differences (p b 0.01) by the Tukey
test. Note cell colony-diameter reduction after treatment, in comparison to the negative
control cells, thereby indicating EEM cytotoxicity.useful for the development of a tumor suppressor drug and it may pre-
vent the further promotion or progression of lesions that have already
been established. On the other hand, our previous work demonstrated
the EEM antioxidant action (Silva et al., 2012), which may indicate a
chemopreventive role of the extract. Cancer chemopreventive agents
are effective as blocking agents that prevent the mutagenic initiation
of the carcinogenic process (Fresco et al., 2010). Therefore EEM could
act as a blocking agent by scavenging the reactive forms of carcinogens
or even as a suppressor, considering the results on the direct action of
EEM against the MCF-7 tumor cells.4. Conclusion
In conclusion, the ethanolic extract of M. caesalpiniifolia leaves is a
rich source of ﬂavonoids, namely catechin and exhibits cytotoxic
activity against the human breast cancer cell line MCF-7. The obtained
results may provide support for M. caesalpiniifolia potentiality as a
chemopreventive agent and a promising candidate for antineoplastic
drug development.Fig. 7. Agarose gel electrophoresis of MCF-7 cell genomic DNA. 1, ladder marker; 2, nega-
tive control; 3, cyclophosphamide (CP)-treated; 4–7, ethanolic extracts of Mimosa
caesalpiniifolia leaves (EEM) in different concentrations (5.0; 20.0; 160.0 and
320.0 μg/mL). The results are representative of three independent experiments carried
out in the same conditions. DNA ladder formation indicates apoptosis as seen in lanes 3–7.
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